Objective: To measure the incidence of HIV infection over a 10 year follow up in a cohort of female commercial sex workers in Alicante (Spain), and to determine factors associated with high risk of infection. Methods: A prospective cohort study was carried in an AIDS information and prevention centre in Alicante, Spain. Of the 1388 female sex workers who initially sought the services of the centre since September 1986, 657 completed at least one additional follow up visit before December 1996. Main outcome measures were infection with HIV-1 and reported risk behaviours. Results: During 1815 person years of observation among 657 female sex workers who were free of HIV infection (negative test), 16 women developed the HIV infection (incidence rate of HIV infection = 8.8 cases/1000 woman years, 95% confidence interval (CI): 5.4-14.4). Reported current use of injecting drugs at the first visit was associated with an increased risk of HIV infection (relative risk, RR=12.87, 95%CI: 4.81-34.15) as well as having an usual partner with injecting drug addiction (RR=20.89, 95%CI: 7.44-58.70). Infection also was associated with younger age (RR for 1 year=0.86, 95%CI: 0.76-0.96). After multivariate adjustment using Poisson regression analysis, the factors that remained significantly associated with the risk of HIV infection were current use of injecting drugs (RR= 4.61, 95%CI: 1.37-15.46), and having a usual partner with injecting drug addiction (RR=10.08, 95%CI: 2.94-34.57). There was also some evidence that a younger age could be related to infection. Conclusion: These data suggest that the risk of HIV infection among this cohort of female sex workers in Alicante is predominately associated with the use of injecting drugs, and having a regular partner with injecting drug addiction. An increasing number of clients did not play a role in the risk of infection. (Sex Transm Inf 1998;74:284-288) 
Introduction
The importance of heterosexual transmission of HIV infection in the developing world has been highlighted in several studies carried out in African and Asian countries where female sex workers are not only at very high risk of HIV infection but also important disseminators of the infection. [1] [2] [3] [4] [5] In contrast, the role of sexual transmission of HIV infection in female sex workers in the developed world has not been fully clarified. Prevalence studies in female sex workers in North America and Europe have shown that the infection was much higher in injecting drug using (IDU) prostitutes than in non-IDU prostitutes, thus probably suggesting a transmission through IDU. [6] [7] [8] In a prevalence study in Spain, a low prevalence of HIV infection was observed among non-IDU female sex workers, and an increased risk associated with a higher rate of sexual exposure and some unprotected sexual practices. 9 In spite of their relevance, prevalence studies may present serious problems in assessing the role of risk factors associated with the transmission of HIV infection because of their well known weakness in establishing a cause and eVect relation. In this sense, prospective cohort studies may solve some of the inherent problems of prevalence studies as potential risk factors can be measured before the outcome. In addition, a prospective cohort study may be useful in monitoring the course of an epidemic among special populations as well as changes in the potential risk factors, thus allowing the evaluation of preventive interventions.
The aim of this study was to estimate the incidence of HIV infection in a cohort of female sex workers at Alicante (Spain) during 10 years of follow up, and to explore risk factors associated with the occurrence of HIV infection.
Methods

POPULATION
Overall, 1388 female sex workers have sought the services of the centre for information and prevention of AIDS in Alicante (Centro para la Información y Prevención del SIDA) since it opened in 1986. From this population, a total of 657 female sex workers who initially attended the centre and were free of HIV infection, have returned between September 1986 and December 1996. In addition to HIV testing the AIDS centre also provided STD testing and care, free condoms, and counselling to all attending women on a free basis.
In this study, a female sex worker was defined as a woman who self reported as providing regular sexual services for money at the first visit and during the study period. Participation in the study was voluntary, and informed consent was always obtained.
DATA COLLECTION
At the time of the first visit, a structured questionnaire asking for information on sociodemographic characteristics, prostitution history, drug use behaviour, and private sexual partners was administered face to face by trained female interviewers in private rooms at the centre. Thus, the information on the exposure variables refers to the study entry, although for some women information was completed, verified, and corrected during following visits. The following variables were considered in the analyses: age, educational level; number of clients per week, sexual practices, current condom use during vaginal sexual contacts with commercial partners (never, rarely (0-33%), irregularly (34-66%), regularly (>66%)), duration of prostitution, working conditions, and the sectors of prostitution they worked in; injecting drug use, and its duration; previous transfusions; and for sexual private partners, their sexual practices, drug use, and HIV seropositivity status.
At the end of the first interview, participants were oVered the HIV test on a 6 month schedule, and screening for sexually transmitted disease on a 3 month schedule. Thus, results of the HIV testing were only available after the interview was completed, thereby blinding the interviewer and the participant to the outcome and exposure measures.
Confidentiality was obtained by using individual numbers. Thus, only principal investigators were aware of the correspondence among personal interviews, blood testing results, and clinical records.
LABORATORY METHODS
HIV test were performed on serum samples at the local HIV reference laboratory using enzyme linked immunosorbent assay (ELISA), and western blot techniques to confirm positive results.
STATISTICAL ANALYSIS
Categorical variables were compared using the 2 test; continuous variables were analysed using Student's t test for means or nonparametric test (Mann-Whitney U test), if they were not normally distributed.
Incidence rates were calculated by dividing the number of events (HIV seroconversion) by the number of person years of follow up. Follow up time for each woman was taken at the time from her first negative HIV test to the time of her most recent negative HIV test or, if she seroconverted, the time of her first seropositive test. In order to explore the eVect of variables measured on the risk of HIV infection, relative risks were calculated by dividing the incidence rate in an exposure category by the corresponding rate in the reference category. Relative risk and their corresponding 95% confidence intervals (CI) were estimated using Poisson regression techniques 10 available in the EGRET statistical package.
11 Assessment of significance of variables was made by examining changes in the scaled deviance after adding each variable to a previous model. Factors that were associated with HIV infection in univariate analysis at the conventional level of significance (p<0.05) were included in multivariate models in a forward stepwise process, exploring for confounding eVects and interaction terms.
Results
A total of 657 female sex workers were included in our 10 year study period (1815 person years). During this time, 16 incident cases of HIV infection were diagnosed among the 657 female sex workers who were free of HIV infection at the first interview (negative test). The median number of HIV tests was three (range 2-30 HIV tests), very similar to the number of visits, as the test was oVered on a free basis. The median duration of follow up was 1.9 years per woman, and the mean duration was 2.8 years per woman. The members of this cohort were aged 15-64 (median 27; interquartile (IQ) range, 25-33 years), and they had been working as female sex workers for between 1 month and 35 years (median 18 months; IQ range, 4 months to 5 years). Educational level was available for 636 of the women, 36 (5.7%) had not received any formal education, and the median age at leaving school was 15 years (IQ range, 13-17 years). Most women were single (348 (53.0%)) and 434 had one or more children. The distribution of women by the workplace where they practised prostitution was: 373 (56.8%) in clubs, 218 (33.2%) in flats or private referral (advertisement), 17 (2.6%) at bars, and 33 (5.0%) on the streets.
The country of birth was only available for 463 women as this information has only been collected since 1992; 301 (65.0%) women were born in Spain, 100 (21.6%) in South or Central America, 34 (7.3%) in Africa, and 28 (6.0%) in other European countries.
Women were asked about their clients and their use of condoms. The median number of clients in a typical working week was 18 (range 1-124; IQ range 12-28). Thirty four out of 641 women (6.7%) who provided information said that they never used condoms with their clients when having vaginal intercourse, 171 used them rarely or irregularly, and 438 women (68%) reported the use of condoms regularly. In order to further characterise the women included in this cohort study, comparisons were made with the remaining 616 female sex workers who only attended the AIDS centre the first time. One hundred and fifteen women who tested HIV positive at the first visit were excluded from this comparison. The nonparticipant prostitutes in the cohort were slightly younger (median 26 years), they reported a higher proportion of current condom use with their clients (p<0.001), and they presented a similar proportion of injecting drug use than female sex workers included in the cohort, 8.3% versus 7.6%. No statistically significant diVerences were observed for other variables.
The average incidence during the study period was 8. Table 1 shows the age distribution, the age the women left school, the duration of prostitution, and the number of clients per week for the 657 women enrolled in the study by seroconverter status. The 16 incident cases were younger (p=0.003) and left school at a younger age (p=0.15); they also reported a shorter duration of prostitution and a higher number of clients per week but diVerences were not statistically significant.
To determine whether sociodemographic characteristics, and variables of prostitution history, private sexual partners, and drug use behaviour were associated with the risk of HIV infection, relative risks were estimated. Unfortunately, distribution of data by country of birth, particularly for the 16 seroconverter cases, did not allow this variable to be included in the analysis as no cases were observed in women coming from Latin American or Central Europe. Table 2 shows a statistically significant association between HIV seroconversion and age, the older the prostitutes the lower the risk (relative risk for 1 year older (RR) = 0.86, 95% CI: 0.77-0.96). The workplace where women practised prostitution was also statistically associated to the risk of HIV seroconversion (p=0.03); women practising in flats or private referral presenting the lower risk and those practising at the streets the higher risks (RR=4.30, 95%CI:1.20-15.41). In relation to the duration of prostitution as measured in months and the number of clients per week reported at the first visit and the last visit (table 2) , there was no evidence of any significant association with the risk of HIV infection.
A statistically significant association between IDU and HIV infection was observed, RR = 12.82 (95% CI: 4.81-34.15). When the eVect of having a regular partner who was an IDU was explored, a very strong positive association was observed with the risk of HIV infection, RR = 20.89 (95%CI: 7.44-58.70). Those female sex workers who reported having a regular partner who was HIV positive (n = 13) also showed a higher risk of getting the HIV infection, the association being statistically significant, RR = 6.04 (95%CI: 1.3-26.58). A reported past transfusion was not associated with a higher risk of HIV infection.
When all variables that reached statistical significance in the univariate analysis were entered in multivariate Poisson regression models using an upward stepwise procedure, only having a regular sexual partner who was an IDU and IDU remained as the independent predictors of the risk of HIV infection, although there was also some evidence that age was inversely associated with HIV infection. The large relative risks initially observed for IDU sex workers and for those women having a regular partner who was an IDU were substantially attenuated when their eVects were controlled in a bivariate analysis based in 627 observations (table 3) . Having a regular partner who was an IDU still persisted as the strongest predictor of the risk of infection when the eVect of IDU was controlled, RR=10.08 (95% CI: 2.94-34.57). The negative association observed for age in the simple analysis was attenuated and lost its statistical significance in multivariate analyses when the eVect of a regular IDU partner and IDU were considered (RR = 0.90, 95%CI: 0.79-1.02). Interaction terms for the main interest variables were explored in the multivariate analysis, but none was statistically significant.
Discussion
In this prospective study of female sex workers in Spain, a considerable incidence for HIV infection has been estimated, and a statistically significant association between the risk of HIV seroconversion and to have an IDU partner and being an IDU has been demonstrated. Although the possibility that infection through sex with clients cannot be precluded among these women, the results from this study are in accordance with other studies carried out in developed countries where the risk factors associated with HIV transmission were basically related to IDU. 1 6 8 12-14 The risk of HIV infection for non-IDU females sex workers in our setting may be considered low. Five of 16 female who seroconverted were not IDU, and did not have an IDU regular partner. One of these five women was born in an African country, and was the only seroconversion to HIV-2 which occurred after she was on a visit to her country; a second woman reported having had an IDU partner before entering the study as well as her IDU brother dying from AIDS; a third woman declared she had three regular partners during the study period; and another woman reported a past transfusion. However, as the pool of HIV positive prostitutes is increasing mainly because of the drug using behaviour of their usual partners, the risk of heterosexual transmission may also be increased. In addition, studies of IDU in the same geographic area have shown that the HIV-1 prevalence among male IDU was 50%, and that 40% of these male IDU reported to have at least one contact with prostitutes, either having sex with prostitutes or with their girlfriends, in all cases with a low proportion using condoms in their sexual practices. [15] [16] [17] Thus, regular partners of female sex workers probably play an essential role on the risk and the control of the infection, as this group of people may be very reluctant to use any intervention aimed at reducing the risk of HIV infection. With respect to this question, couple counselling in combination with social support has been suggested as an eVective means of promoting and maintaining behaviour change among HIV infected people and their heterosexual partners. 18 Therefore, the implementation of these strategies should be thoroughly pursued among those IDU female sex workers and those with IDU sexual partners in our area, in addition to regular HIV testing and counselling which has also been shown to be eVective among drug using prostitutes. 19 A general problem with estimates of relative risks in this study is the wide confidence intervals owing to the relatively small number of HIV seroconverted women, particularly in some multivariate analyses. In spite of this problem, statistical significance was reached for the main interest variables because of the very strong eVects. We should be wary of misclassification in studies with small numbers, but results from incidence studies similar to this are much better at identifying factors related to the risk of HIV seroconversion and reducing any source of potential misclassification bias, particularly those with a prior knowledge of a positive serological status.
With respect to the representativeness of participant prostitutes, non-participant prostitutes who only went once to the AIDS centre were slightly younger and reported a higher proportion of condom use with their clients. However, these small diVerences should not aVect the internal validity of the study results, and since these variables were not associated with the risk of seroconversion, and no significant diVerences were observed between participants and non-participants in the IDU related variables, our results could be relevant to all prostitutes working in Alicante. Participation of these special groups of people has been quite successful for diVerent reasons: women working in the AIDS centre were experienced and were very strict in maintaining confidentiality. Interventions to reduce the risk of HIV infection in female sex workers have usually focused on female sex workers as transmitters of the infection, and therefore promoted the use of condoms for commercial sex. Our findings would support the promotion of safer practices in non-commercial sex of prostitutes with their usual partners, particularly among those prostitutes linked to the use of injecting drugs.
These prostitutes and their partners should probably be the main target group for educational and other intervention eVorts including those on drug use practices.
